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ABSTRACT 


The  synthesis,  purification,  and  characterization 
of  a  large  number  of  benzimidazole  derivatives  are  described. 
Compounds  have  been  prepared  which  allow  for  the  correlation 
of  systematic  structural  variations  with  the  physical  and 
electrical  properties. 


-lii- 


TABLE  OF  CONTENTS 


1  INTRODUCTION  1 

2  PREPARATION  OF  BENZIMIDAZOLES  2 

2.1.  Synthesis  2 

¥ 

2«1.1.  Direct  Acid  Synthesis  2 

'  2.1.2.  Polyphosphorlc  Acid  Condensations  3 

2.1.3.  Ester  Synthesis  and  Variations  5 

2.1.4.  Other  Methods  7 

2.1.5.  Telemers  and  Polymers  8 

2.2.  Purification  IO 

2.2.1.  Preliminary  Purification  10 

2.2.2.  Purlflcatlonal  Techniques  Leading 

to  High  Purity  Materials  12 

3  COMPARISON  OF  PHYSICAL  PROPERTIES  15 

3.1.  Infrared  Spectra  15 

3.2.  Ultraviolet  Spectra  16 

3.3*  Qualitative  Fluorescence  I9 

3.4.  Stability  22 

3.5.  Crystal  Properties  22 

3.6.  Preliminary  Conductivity  Measurements  24 

4  EXPERIMENTAL  2? 

4.1.  Synthetic  Procediores  27 

4.1.1.  Preparation  and  Purification  of 

Starting  Materials  27 

.  4.1.2.  Polyphosphorlc  Acid  Method  30 

4.1.3.  Melt  Condensation  Methods  31 

w* 

4. 1.3.1.  Phenyl  Ester  Reactions  31 

4. 1.3. 2.  Direct  Aromatic  Acid  Synthesis  31 


-iv- 


4. 1.3. 3*  Direct  Acid  Synthesis  32 

4. 1.3. 4.  Methyl  Ester  Reactions  32 

4.1.4.  Aromatic  Aldehyde  Condensation  32 

4.2.  Purification  of  Compounds  33 

4.2.1.  Sublimation  at  Moderate  Temperatures  33 

4.2.2.  Sublimation  at  Higher  Temperatures  34 

4.2.3.  Adsorption  Chromatography  35 


-V- 


1  .  INTRODUCTION 


The  objective  of  these  investigations  has  been  prepara> 
tlon  of  a  series  of  closely  related  high  ptirlty  benzimidazole 
derivatives.  The  electrical  properties  of  these  compounds 
are  then  to  be  correlated  with  molecular  properties  such  as 
degree  of  conjugation,  electron  availability,  ring  sub¬ 
stituents,  bond  strength,  chain  length,  steric  effects  and 
crystal  structure.  By  a  comparison  of  this  type,  it  should 
be  possible  to  gain  considerable  Understanding  about  the 
relationship  of  chemical  structure  to  electrical  conductivity 
and  other  physical  properties  in  organic  compounds. 

This  report  for  the  period  March  1962  through  February 
1963  describes  the  methods  of  purification  and  characterization 
of  benzimidazole  derivatives  to  be  used  for  f mother  studies. 
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2.  PREPARATION  OF  BENZIMIDAZOLES 


2.1.  Synthesis 

In  the  synthesis  program ,  several  methods  have  been  found 
usefvil.  The  majority  of  these  depend  upon-  the  reaction  of  an 
aromatic  (or  aliphatic)  carboxylic  acid  --  or  one  of  Its  esters  — 
with  an  aromatic  o-dlamlne. 

2.1.1.  Dlyect  Acid  Synthesis 

For  aliphatic  acids  of  low  melting  point,  It  Is  usually  possible 
to  form  the  benzimidazoles  by  heating  the  diamine  for  several  hours 
with  an  excess  of  the  acid  at  about  100°C  (or  at  the  reflux 
temperature  of  the  acid).  This  route  was  utilized  for  the  prepa- 
tlon  of  2 -i-butylbenz Imidazole.  The  strong  trlfluoroacetlc 
acid  reacts  In  this  fashion  with  2-phenylenedlamlne  to  give  an 
almost  quantitative  yield  of  2-trlf luoromethylbenzlmldazole .  The 
direct  acid  synthesis  Is  also  useful  for  preparation  of 
2-methylbenzlmldazoles  (acetic  add)  and  benzimidazoles  unsubstl- 
tuted  In  the  two  position  (formic  acld).^ 

In  some  Instances,  the  reaction  is  preferably  carried  out  In 
4  N  hydrochloric  acid  and/or  with  the  acid  anhydride.  This  was 
found  to  be  the  case  for  benzimidazoles  made  from  3-nltro-^- 
phenylenedlamine  (in  particular  2-methyl-4-nltrobenzimldazole) . 
2--Phenyl-4-nltrobenzlmldazole  can  also  be  made  by  this  means  from 
benzoic  anhydride.  This  reaction  Is  commonly  known  as  the 
Phillips  synthesis. 2 
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The  benzimidazoles  are  usually  easily  separated  from  the 
reaction  mixture  by  neutralization  of  the  excess  acid,  which 
causes  the  precipitation  of  the  benzimidazole. 

In  the  case  of  most  aromatic  acids  the  Phillips  synthesis 
falls.  It  is  possible  to  cause  aromatic  acids  to  react  by  con¬ 
ducting  the  reaction  (in  hydrochloric  acid)  under  pressure  at 
l80O-190®C.^  However,  as  other  procedures  exist  for  the  prepara¬ 
tion  of  the  benzimidazoles  of  aromatic  acids,  pressure  reactions 
hava  not  been  attempted  in  this  laboratory. 

2.1.2.  Polyphosphoric  Acid  Condensations 

Alternative  methods  for  the  preparation  of  2-arylbenzimidazoles 
usually  involve  the  use  of  a  high-boiling  solvent  or  dehydrating 
agent  for  their  success.  The  formation  of  the  benzimidazole 
from  the  starting  materials  usually  becomes  an  Important  reaction 
at  about  180°C.  The  rate  of  reaction  can  often  be  measurably 
improved  by  a  choice  of  suitable  media  and  temperatures  as  high 
as  2900  without  causing  an  untenable  increase  in  the  products  of 
side  reactions. 

One  of  the  most  useful  media  for  the  condensation  is  the 
strongly  dehydrating  polyphosphoric  acid.^  Condensations  carried 
out  in  polyphosphoric  acid  are  usually  conducted  at  180®-250°C 
under  a  nitrogen  atmosphere  and  utilize  the  starting  materials 
in  stoichiometric  quantities.  Reaction  times  of  three  to  four 
hours  are  customary.  At  the  end  of  the  reaction  the  polyphosphoric 
acid-benzimidazole  mix  is  partially  cooled  (to  about  50®-150®C) 
and  is  poured  into  ice  water,  which  procedure  results  in  the  pre- 
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cipltatlon  of  the  benzimidazole.  After  filtration,  the  precipitate 
is  washed  with  water  and  then  treated  with  dilute  base  to  remove 
most  of  the  contaminating  phosphates  and  any  unreacted  carboxylic 
acid.  The  benzimidazole  is  then  dissolved  out  of  the  precipitate 
by  an  appropriate  solvent  and  reprecipitated  as  a  crude  product. 

Most  of  the  "monomeric"  benzimidazoles  have  been  -  or  can  be  - 
prepared  by  condensation  in  polyphosphor Ic  acid.  There  have  been 
notable  exceptions,  however.  In  particular,  it  has  not  been 
possible  to  prepare  2-phenyl-5-nitrobenzimidazole  by  this 
method.^  Difficulties  in  isolating  a  product  have  also  been  en-. 
countered  with  the  following  acids: 

1,  Trans-clnnamlc  acid  (2-styrylbenzimidazole)  —  Phosphory¬ 
lation  of  the  double  bond  may  take  place,  or  possibly 
isolation  of  the  extremely  soluble  2-styrylbenzimidazole 
formed  may  be  complicated  by  the  large  volumes  of  water 
involved.  Synthesis  has  been  accomplished  by  the  reaction 
of  benzaldehyde  with  2-methylbenzimidazole . 

2.  Pivalic  acid  (2-i-butylbenzimidazole)  —  Violent  de¬ 
carboxylation  takes  place.  Synthesis  of  this  compound 
has  been  carried  out  by  the  direct  acid  method. 

3*  £-Hydroxybenzolc  add  (2-£-hydroxyphenylbenzimidazole) . 

4.  P-Methoxybenzoic  acid  ( 2-j;i-methoxyphenylbenzimidazole) . 

Lack  of  clear  and  particular  interest  in  2-ii-hydroxyphenyl- 
benzlmidazole  and  2-£-methoxyphenylbenzlmidazole  has  prevented 
further  attempts  at  their  synthesis,  detailed  investigation  into 
the  products  obtained,  or  possible  reasons  for  fallxire. 

The  polyphosphorlc  acid  method  for  synthesizing  benzimidazoles 
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has  many  advantages  -  the  most  important  of  which  is  that  it 
is  literally  a  "quick  and  dirty"  means  of  synthesizing  a  broad 
range  of  compounds.  However,  separating  the  product  from  the 
phosphates  present  is  tedious,  and  it  is  also  difficult  with 
many  of  the  higher  molecular  weight  materials  which  have  low 
solubility  in  even  the  best  organic  solvents.  In  addition,  it  is 
not  readily  applicable  for  use  with  amine  hydrochlorides  because 
of  the  foam  generated  by  the  evolving  hydrogen  chloride  as  the 
mix  is  heated.  In  some  of  the  other  methods  the  hydrochlorides 
can  be  used  directly. 

2.1.3.  Ester  Synthesis  and  Variations 

It  has  been  found  in  this  laboratory  and  others  that  2-aryl- 
benzimidazoles  can  be  effectively  made  by  melt  condensation  of 
the  phenyl  esters  with  <i-phenylenediamine  (e.  g.  Ref.  ?) .  Several 
benzimidazoles,  both  monomeric  and  dimeric  have  been  prepared 
by  this  method  --  among  them  2-  -naphthylbenzimidazole, 
2-i3-tolyl-5-methylbenzimidazole,  1 ,3-bis-(2-benzimidazolyl)  benzene 
and  poly-2 ,2 ' -(m-phenylene) -5, 5' bibenziraidazole .  In  this  laboratory 
these  reactions  are  usually  run  at  200°-290°C  for  two  hours.  At 
the  end cf the  reaction,  most  of  the  phenol  has  distilled  off  and 
the  remainder  can  be  removed  by  application  of  a  vacuum  to  the 
reaction  flask.  The  product  is  often  very  easily  Isolated  from 
the  cooled  and  solidified  reaction  mixture  by  leaching  with 
methanol  or  ether.  The  unreacted  starting  materials  and  impurities 
will  dissolve  out  leaving  the  product  behind,  often  in  crystalline 


form 
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Several  variations  of  this  synthesis  have  been  tried  with 
some  success.  In  the  case  of  1,4  bis-(2-benzimidazolyl)benzene, 
the  diphenyl  terephthalate  which  would  normally  be  used  as  a 
starting  material  has  such  a  high  melting  point  that  the 
reaction  mixture  never  liquifies.  This  results  in  an  incomplete 
reaction  and  in  the  production  of  impurities.  If  dimethyl 
terephtlalate  is  used  with  phenol  as  a  solvent  the  reaction 
proceeds  smoothly  (T  =  250°C)  and  the  product  is  relatively 
clean.  This  reaction  is  normally  run  using  one  mole  of  phenol 
for  each  mole  of  the  acid. 

Many  aromatic  carboxylic  acids  are  not  commercially  available 
in  the  form  of  their  phenyl  esters.  Although  the  formation  of 
the  phenyl  ester  from  the  acid  via  the  acid  chloride  is  relatively 
straight-forward,  it  has  been  found  that  the  benzimidazole 
will  often  form  from  the  acid  if  a  stoichiometric  amount  of  phenol 
is  used  as  a  solvent,  which  obviates  the  need  for  making  the 
ester.  A  small  amount  of  concentrated  hydrochloric  acid  added 
to  the  reaction  flask  seems  to  catalyze  the  reaction.  In  many 
cases,  the  phenyl  ester  produces  a  cleaner  product  and  is  therefore 
the  preferred  starting  material. 

Phenol  bolls  at  182®C  and  disappears  quite  rapidly  from  the 
reaction  mix  above  200°C .  For  benzimidazoles  melting  below  300®C 
this  is  not  a  problem  because  the  reaction  mixture  usually  remains 
fluid  throughout  the  course  of  the  reaction.  For  some  of  the 
higher  melting  benzimidazoles,  however,  the  removal  of  the  phenol 
causes  the  reaction  mix  to  solidify  prematurely,  thereby  reducing 
the  efficiency  and  uniformity  of  heating  and  resulting  In  the 
appearance  of  more  Impurities.  Accordingly,  the  use  of  higher 
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bolling  phenols  has  been  Investigated.  To  date,  considerable 
success  has  also  been  obtained  with  o-cresoKb.p.  204®C).  The 

bls-benzlmldazole  from /tf -naptholc  acid  and  3»3' “dlamlnobenzldlne 
tetrahydrochlorlde  forms  quite  readily  with  ffi-cresol  as  a  solvent 
(T  =  250°Cl. 

2.1.4.  Other  Methods 

Still  another  synthetic  route  recently  applied  Is  the  con¬ 
densation  of  2-methylbenzlmldazole  with  aromatic  aldehydes. 

Trlethyl  phosphate  has  been  found  to  serve  as  a  suitable  solvent 
for  this  reaction,  as  do  acetic  acid  and  acetic  anhydride.  Thus, 
reaction  of  terephthalaldehyde  appears  to  have  provided  the 
Interesting  compound,  AA  -bls-(2-benzlmldazolyl)-l^-dlvlnylbenzene 
which  may  exist  as  the  tautomeric 

although  characterization  of  the  yellow  crystalline  product  Is 
not  complete. 

An  alternative  type  of  preparative  scheme,  which  has  not 
yet  borne  fruit.  Is  the  attempt  to  utilize  derivatives  of  2-dlamlnes 
which  can  be  condensed  with  carboxylic  acids  directly.  This 
wo\ild  allow  better  pxirlf Icatlon  of  starting  materials,  and  would 
lend  Itself  to  more  cpnvenlent  preparation  of  simple  polybenzimidazoles 
via  Intermediate  acids.  A  particularly  attractive  type  of  compound 
Is  plazthlole  (2,1,3-benzothladlazole)  prepared  from  £-phenylene« 
diamine  and  thlonyl  chloride  In  pyridine.  This  Is  a  low  melting 
stable  crystalline  solid  which  offers  a  potentially  anhydrous 
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condonsatlon  with  acids: 


Unfortunately,  this  reaction  has  not  yet  proved  possible,  because 
of  the  excessive  stability  of  the  piazthiole. 

2.1.5.  Telemers  and  Polymers 

As  a  prelude  to  the  study  of  high  molecular  weight  polymers, 
a  series  of  telemers  of  well  defined  structure  and  chain  length 
and  moderate  molecular  weight  was  of  interest.  In  particular, 
investigation  of  the  following  series  of  benzimidazoles  was 
proposed  and  synthesis  londertaken: 


Two  procedures  were  investigated.  The  first  utilized  the 
polyphosphor ic  acid  method  for  the  condensation  of  3A-diamino- 
benzolc  acid  in  the  presence  of  a  considerable  excess  of  carboxylic 
acid  groups  in  the  form  of  isophthallc  acid  to  form  compounds  of 
the  type: 


which  could  be  further  condensed  with  2-Pbenylenediamlne  to 
give  the  desired  products.  A  crude  separation  of  the  acid 
products  from  the  first  condensation  was  effected  by  their 
differential  solubility  In  alkaline  solution.  However,  the 
products  of  the  second  condensation  with  j^-phenylenedlamlne 
proved  prohibitively  difficult  to  separate.  Therefore,  this 
preparation  was  postponed  until  purifications!  techniques 
could  be  more  highly  developed  using  simpler  benzimidazoles. 
Column  chromatography  and  high  temperature  sublimation  techniques 
now  In  use  sho\;ild  simplify  product  Isolation. 

A  second  approach  to  provide  essentially  the  same  series 
paralleled  the  work  of  Pora?-Koshlts.^  This  utilized  the  oxi¬ 
dation  of  ring  methyl  groups  to  carboxylic  acids.  Attempts 
were  made  to  oxidize  2-ffl-tolyl-5-methylbenzimidazole  to  be 
followed  by  condensation  with  2"Phenylenedlamlne  or  with  3,4- 
dlaminotoluene  and  a  second  oxidation.  However,  It  appears  that 
destructive  oxidation  of  the  benzimidazole  is  difficult  to  avoid 
under  the  vigorous  oxidation  conditions  required.^ 

Synthesis  of  the  poly-2,2' -(jg-phenylene) -5, 5' -bibenzimidazole 
was  accomplished  using  3»3' -diamlnobenzldine  and  diphenyl  iso- 
phthalate  according  to  the  method  of  Marvel  and  Vogel. ^  This 
high  molecular  weight  polymer  had  characteristics  distinct  fr<Mn 
but  consistent  with  the  low  molecular  weight  compounds. 
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2.2.  Pwlflgatlon 

2.2.1.  Preliminary  Purification 

Benzimidazole  crystals  Involve  strong  hydrogen  bonding  and 
consequent  high  lattice  energies,  favoring,  low  Intrinsic  solu¬ 
bilities.  Opposed  to  this  Is  the  low  symmetry  of  most  of  the 
compounds,  coupled  with  disorder  due  to  1(H)4p-^3(H)  tautomerlsm. 

The  high  degree  of  ordering  required  for  crystallization  of  these 
large  molecules  manifests  Itself  In  slow  rates  of  solid-solute 
equilibration.  Moreover,  the  solubilities  are  strongly  dependent' 
both  on  the  pH  of  the  solution  and  the  state  of  the  solid  phase 
present.  These  factors  have  proven  a  source  of  dlfflcTolty,  but 
also  provide  a  wide  range  of  conditions  which  can  be  profitably 
manipulated  dtirlng  the  coiu’se  of  purification,  leading  up  to 
sublimation  and  subsequent  efforts  toward  hyper-purity. 

For  the  lower  molecular  weight  members  of  the  series, 
recrystalllzatlon  from  methanol  and/or  acetone  has  proven  to  be 
the  easiest  method  of  p\xrlflcatlon.  These  are  good  solvents  for 
treatment  with  charcoal,  but  rates  of  solution  are  sometimes 
slow}  likewise,  the  solutions  may  supersaturate.  Precipitation 
by  addition  of  water  to  these  solvents  Is  relatively  non-selectlve . 
Slow  evaporation  often  leads  to  crystallization,  but  In  at  least 
one  case  l,3-bls-(2-benzlmldazolyl) benzene,  the  crystals 
obtained  fron  methanol  appeeur  to  Include  this  solvent  In  their 
crystal  structure.  Often  a  combination  of  both  acetone  and 
methanol  will  Improve  the  rate  of  solution  and  the  characteristics 
of  the  benzimidazole  precipitate. 

For  higher  molecular  weight  materials  (most  dimers  and  the 
trlmer  from  trlmeslc  add),  neither  methanol  nor  acetone  dissolves 
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an  appreciable  quantity  of  the  benzimidazole.  For  purification 
of  these  compounds,  methanollc  sodium  hydroxide,  6  N  aqueous 
sodium  hydroxide,  88^  formic  acid,  and  glacial  acetic  acid  have 
proven  to  be  valuable  solvents.  Recovery  of  the  benzimidazole 
Is  accomplished  by  neutralization  (with  CO2  or  dilute  HCl)  In 

the  case  of  the  sodlim  hydroxide  based  solvents;  Neutralization 
must  be  employed  Judiciously  in  the  case  of  formic  acid  because 
of  the  danger  of  forming  gelatinous  precipitates.  A  preferable 
method  for  formic  acid  solutions  is  dilution  with  ether  or  in 
some  cases  methanol.  Use  of  ether  as  the  diluent  generally 
favors  the  formation  of  a  crystalline  material.  Alternatively, 
evaporation  of  formic  acid  solutions  allows  Isolation  of  the 
formate  salts. 

Aqueous  sodium  hydroxide  is  a  particularly  valuable  solvent 
because  it  will  often  separate  the  benlmldazoles  from  almost 
all  of  the  impurities.  Most  of  these  Impurities  are  highly 
colored  amine  condensation  products,  and  formic  acid  dissolves 
them  quite  readily  as  does  any  methanol  based  solvent. 

Powerful  hydrogen  bonding  solvents  such  as  dimethyl  sulfoxide, 
dimethylformamlde  and  dimethylacetamlde  are  useful  primarily  as 
extractants  and  lead  almost  Invariably  to  gelatinous,  intractable 
precipitates.  The  exceptions  are  terephthallc  acid  derivatives, 
of  very  low  solubility,  which  crystallize  upon  cooling  of  hot 
dimethyl  sulfoxide  solutions.  In  addition,  dimethylformamlde 
and  dimethylacetamlde  seem  to  react  with  some  benzimidazoles 
under  the  conditions  of  these  experiments.  Therefore,  the  use 
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of  these  solvents  has  been  avoided  where  possible, 

2.2.2.  Purification  Techniques  Leading  To  High  Purity  Materials 

Several  techniques  have  been  investigated  for  obtaining 
hyper-purei  benzimidazoles.  Thus  far,  the  best  method  has  been 
sublimation  in  vacuo  (usually  repeated  sublimations).  Because 
of  their  unique  thermal  stability  even  the  higher  molecular 
weight  compomds  such  as  -bis-(2-naphthimidazolyl)biphenyl 
(sublimed  at  450°C),  and  1,3, 5-trls-( 2-benzimidazolyl)benzene 
(sublimed  at  420®-430OC)  have  proven  to  be  sublimable.  As  the 
impurities  seem  to  be  either  decomposed  by  the  high  temperatures 
involved  (into  gaseous  and/or  tarry  products)  or  do  not  sublime, 
two  or  three  sublimations  usually  result  in  a  product  which 
exhibits  greater  purity  than  any  of  the  materials  obtained  by 
other  methods.  In  addition,  this  has  been  the  only  satisfactory 
method  for  assuring  a  solvent-free  material  and,  as  will  be  noted 
below,  there  is  increasing  evidence  that  many  of  the  benzimidazoles 
form  complexes  with  solvents  such  as  methanol  and  water.  Formic 
acid  salts  of  benzimidazoles  will  also  form. 

Standard  sublimation  techniques  have  been  used  satisfactorily 
for  the  lower  molecular  weight  compounds.  However,  for  those 
compounds  which  are  very  high  subliming  and  frcMn  which  many  of 
the  impiurities  sublime  first,  it  has  been  found  that  sublimation 
in  a  long  tube  through  a  temperature  gradient  will  often  cause 
the  impurities  to  sublime  preferentially  to  the  coolest  portions 
of  the  tube  while  the  benzimidazole  collects  in  the  hotter 
portions. 
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two  or  three  sublimations  of  this  type  have  thus  far  reduced 
the  most  recalcitrant  benzimidazole  to  a  crystalline  mass  of 
sharp  melting  point. 

An  attempt  has  been  made  to  purify  1 ,3-bis-(2-benzimidazolyl)- 
benzene  by  adsorption  chromatography  utilizing  a  mixture  of 
benzene  and  ethyl  acetate  as  a  solvent  on  a  silica  gel  column. 

The  results  of  this  experiment  indicated  that  a  considerable 
improvement  in  the  purity  of  this  material  can  be  achieved  by 
this  method.  However,  the  comparative  advantages  of  this  technique 
require  further  evaluation. 

In  view  of  the  highly  polar  nature  of  benzimidazoles  and 
their  ability  to  form  both  acid  and  basic  salts,  another  technique 
for  purification  might  be  chromatography  with  ion  exchange  resins. 
Preliminary  investigations  in  this  area  indicate  that  this  could 
be  a  fruitftil  area  for  further  investigation. 

Zone  refining  seems  to  be  a  very  sensible  method  for  the 
purification  of  benzimidazoles  with  melting  points  below  about 
350®C,  particularly  since  this  is  the  technique  employed  to 
obtain  hyper-pure  inorganic  compounds  for  electrical  applications. 
First  efforts  in  this  direction,  using  a  molten  zone  travelling 
from  the  bottom  to  the  top  of  a  glass-enclosed  sample,  restilted 
in  breakage  of  the  glass  tube  envelope  by  the  expansion  of  the 
compound  upon  melting.  Reversing  the  direction  of  zone  travel 
resulted  in  the  sublimation  of  the  compound  through  the  hot 
region,  leading  to  a  kind  of  fractional  sublimation  process; 
this  led  to  some  sweeping  of  the  impurities  to  the  bottom  of  the 
tube,  but  seemed  to  be  accompanied  by  a  gradual  decomposition  of 
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the  compound.  Intermediate  results  could  be  obtained  by  horizontal 
orientation  of  the  apparatus ,  but  with  no  perceptible  Improvement 
In  performance. 

It  was  also  anticipated  that  vapor  phase  chromatography 
might  offer  a  useful  method  either  for  the  .purification  of 
benzimidazoles  or  for  the  determination  of  their  purity.  Since 
these  compomds  can  generally  be  sublimed ,  it  seems  reasonable 
to  suppose  that  some  sufficiently  inert  column  packing,  run  at 
a  sufficiently  high  temperature,  would  pass,  and  perhaps  resolve, 
various  compounds  of  this  type.  In  fact,  no  such  conditions 
could  be  found  even  when  a  short  column  was  packed  with  pure 
sand  and  run  at  300°C. 
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3 .  COMPARISON  OF  PHYSICAL  PROPERTIES 

The  properties  of  the  benzimidazoles  synthesized  In  the 
course  of  this  project  show  several  consistent  patterns. 

Infrared  absorption  spectra  and  ultraviolet  absorption  spectra 
have  been  taken  on  these  compounds,  and  rough  comparisons  of 
their  solubilities,  melting  points,  flourescent  properties 
have  been  made.  Preliminary  conductivity  measurements  are  being 
used  as  criteria  for  purity. 

3.1  Infrared  Spectra 

Infrared  spectra. of  this  series  of  compounds  are  all 
consistent  with  the  benzimidazole  structure.  Several  useful 
correlations  can  be  applied  to  further  compounds  of  this  class. 

A  pair  of  absorption  bands,  probably  due  to  the  -C=N  vibration, 
are  fotind  at  6.2  and  6.3  microns.  These  bands  may  be  weak  and 
one  may  be  a  shoulder.  A  strong  absorption  band  at  7.60  -  7.66 
microns,  probably  due  to  the  phenyl -nitrogen  stretching  vibra¬ 
tions  Is  always  present,  but  may  often  be  a  shoulder  of  an  adja¬ 
cent  stronger  band.  The  N  -  H  stretching  absorption  at  about 
2.9  microns  in  the  spectra  of  2-alkylbenzimidazoles  in  solution 

Q 

is  not  evident  in  spectra  of  the  solid  state.  However,  this 
band  is  seen  in  the  spectra  of  many  of  the  solid  state  phenyl 
substituted  compounds. 

The  entire  series  has  an  aromatic  C=C  peak  at  6.90  -  7.00 
microns.  (Unsubstituted  benzimidazole  has  two  peaks  at  6.85 
and  7.10  microns  In  this  region.)  Further,  aromatic  absorption 
bands  are  fotmd  at  7*85  -  7*90  microns  and  at  8.13  -  8.18  microns. 


The  former  band  Is  very  weak  in  the  2-phenyl-8Ubstltuted 
compound  and  is  missing  in  2-trifluoromethylbenzimidazole. 

The  latter  band  Is  found  in  all  compounds  of  this  series 
except  those  having  nitro  or  chloro  substituents  on  the 
benzene  ring  of  the  benzimidazole.  Several  other  correla¬ 
tions  due  to  the  nature  of  the  aromatic  substitution  may  be 
found  within  a  particular  group  of  this  series.  For  example, 
the  dl-  and  tribenzimidazoles  linked  through  the  2-posltion  by 
a  benzene  ring  all  have  a  very  strong  band  at  6.97  -  7*00 
microns  with  a  shoulder  at  6.85  -  6.90  microns  and  a  moderate¬ 
ly  strong  band  at  7*82  microns.  The  stronger  band  is  not  found 
within  this  range  for  any  other  compound  of  the  series.  Many 
other  similarly  limited  correlations  can  be  made. 

3*2.  gUcailaAst  §pg,a,tia 

Table  I  lists  the  wavelength  and  normal  extinction  co¬ 
efficients  (based  on  benzimidazole  residues)  for  the  first 
three  ultraviolet  absorption  maxima  observed  below  400  m;;  In 
tetrahydrofuran  or  methanol.  These  generally  occur  in  the 
form  of  a  right-hand  and  left-hand  shoulder  on  a  principle 
central  peak.  Where  only  one  broad  absorption  is  found,  it 
is  listed  as  the  central  peak.  It  is  interesting  to  note  the 
smooth  shift  to  longer  wavelengths  with  increasing  conjugation. 
This  series  gives  the  first  quantitative  indication  of  the 
relative  properties  of  these  compounds;  particularly  interest¬ 
ing  are  compounds  6  and  9t  the  cross-conjugated  dimer  and 
trimer,  which  are  not  far  removed  in  their  spectral  properties 
from  their  prototype  2-phenyl -benzimidazole.  Contrast  this  with 
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the  large  shift  to  longer  wavelengths  seen  in  compound  17* 
the  highly  c on jugated  para-dlmer.  Also  noted  should  be  the 
large  Increase  In  the  ultraviolet  absorption  associated  with 
aromatic  substituents,  as  compared  with  aliphatic.  The 
listed  extinction  coefficients  must  be  treated  as  approx¬ 
imate,  since  no  corrections  for  fluorescence  or  overlap  have 
been  made. 
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3.3  Qualitative  Fluoreflcence 

Many  of  the  benzimidazoles,  particularly  those  substi¬ 
tuted  with  aromatic  groups  In  the  2-posltlon  are  fluorescent 
In  the  solid  state.  In  many  cases  the  solutions  of  such 
compounds  are  also  fluorescent.  Preparative  to  a  more  sophis¬ 
ticated  evaluation  a  very  rough  qualitative  analysis  of  their 
relative  fluorescent  behavior  has  been  made  by  visual 
observation  under  ultraviolet  light.  The  compounds  dissolved 
In  methanol  (4  millimoles  to  16  ml  of  methanol)  were  visually 
observed  for  fluorescence  as  neutral,  acid  and  basic  solutions 
\nder  ultraviolet  light.  The  results  of  this  experiment  are 
reported  In  Table  II.  In  cases  where  the  benzimidazoles 
would  not  dissolve  at  the  above  concentration,  a  saturated 
solution  was  used,  and  these  are  Indicated  by  an  asterisk  in 
the  table.  The  order  of  fluorescence  Is  reported  as  the 
relative  Intensities  which  are  Indicated  as  0  -  not  visibly 
fluorescent  through  7  -  very  intense.  Fluorescence  was  also 
observed  for  the  same  materials  in  their  various  crystalline 
states  and  the  results  are  recorded  In  Table  III. 

In  general,  the  materials  with  2  or  more  benzimidazole  groups 
and  those  compounds  exhibiting  greater  conjugation  show  the 
greater  fluorescence  both  in  the  crystalline  state  and  In 
solution.  The  one  exception  is  1 ,3,5-trls-(2-benzlmldazolyl)- 
benzene  which  does  not  fluoresce  very  Intensely.  The  most 
highly  fluorescent  material  synthesized  In  this  laboratory  Is 

9 

the  highly  conjugated^,/^ -bls-(2-benzimidazolyl)-1 ,4- divlnyl- 
benzene  followed  In  Intensity  by  the  other  dimers,  2-styryl- 
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benziraidazole  and  the  two  naphthylbenziraldazoles .  Almost 
without  exception,  either  the  acid  or  the  basic  solution  or 
both  are  considerably  more  fluorescent  than  the  neutral 
solution.  However,  there  is  often  very  little  correlation 
between  fluorescence  in  the  crystalline  state  and  in  acid, 
basic,  or  neutral  solution.  The  color  of  the  fluorescence 
for  a  given  compound  varies  depending  on  whether  It  is  in 
acid,  basic,  or  neutral  solution  or  is  a  precipitated  or 
sublimed  sample  in  the  solid  state.  One  anoraolous  compound 
is  2-jfl-tolyl-5-methylbenzimidazole .  This  compound  shows  an 
unusually  high  degree  of  fluorescence  in  basic  solution  and 
also  in  the  solid  state  (probably  as  the  monohydrochloride) 

The  sterlcally  hindered  2-o-tolylbenzimldazole  is  unusually 
fluorescent  in  the  crystalline  state  but  loses  this  behavior 
in  solution. 

3.4  Stability 

The  benzimidazoles  as  a  group  are  unusually  stable  both 
thermally  and  chemically.  Decomposition  temperatures  above 
450°C  are  not  \incommon.  The  sterically  hindered  2-  - 

naphthylbenziraidazole  and  2-o-tolylbenzimidazole,  however,  tend 
to  decompose  under  strong  ultraviolet  light.  The  2-fli-tolyl- 
5-methylbenzimidazole,  the  rjl“P4enylene  dimers,  1,3,5-trimer 
also  show  less  thermal  stability  than  other  compounds  of 
similar  structure. 

3.5.  Crystal  Properties 

In  the  course  of  the  experimental  work  many  qualitative 
observations  have  been  made  concerning  the  relative  solubilities. 
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meltlng  points,  and  the  ease  of  crystal  formation  of  the 
various  benzimidazoles.  In  general,  the  solubilities  of  the 
more  symmetrical  compounds  are  much  lover  and  their  melting 
points  are  much  higher. 

Benzimidazoles  have  high  melting  points  and  are  generally 
crystalline  materials  when  precipitated  or  sublimed. 

However,  asymmetric  substituents  such  as  5-substltutlon  on 
the  benzimidazole  ring  or  fi-or  ju-substltu  nts  on  the  2-phenyl 
ring  reduce  the  melting  points. 

The  same  asymmetric  substitutions  make  crystallization 
difflcxilt.  The  a-phenylene  dimers  tend  to  form  glasses  on 
sublimation  rather  than  crystalline  products  although  the 
1 ,3-bls-(2-benzlmldazolyl)benzene  has  been  sublimed  to  a 
microcrystalline  powder . 

Solvent  complexes  appear  to  be  formed  with  many  of  the 
asymmetric  compounds.  The  compound  which  has  been  most 
thoroughly  studied  In  this  respect  is  1 ,3-bls-(2-benzlmidaz- 
olyl)benzene.  This  compomd  exhibits  two  distinct  melting 
points.  When  precipitated  from  methanol -water  It  melts  at 
180®C  and  resolidifies  at  260®C  followed  by  melting  at 
308-310^0.  Elemental  analysis  of  this  precipitate  corresponds 
to  a  1:1  waller  complex.  Sublimed  samples  of  this  material 
melt  at  308-310®C  directly.  Bands  also  appear  In  the 
Infrared  Spectra  of  the  potentially  solvated  compounds  which 
are  not  present  in  the  spectra  of  their  sublimed  s^ples. 
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3.6  PrcltaAnary 

Preliminary  conductivity  data  has  been  obtained  on  a 
limited  series  of  benzimidazoles.  Dark  conduction,  fitted 
to  the  eqviatlon  o'  =  ot  exp  (-EAt),  yields  consistent 

9 

values  of  E  in  the  expected  range.  While  most  of  the  data 
was  obtained  on  highly  purified  samples,  comparison  of  the 
conductivity  of  samples  after  further  stages  of  pvirification 
are  necessary  in  order  to  confirm  that  the  data  represents 
intrinsic  conductivities.  Comparison  of  E  for 
2-p-tolylbenzimidazole  in  the  Impure  (E=0.83  e.v.)  and  the 
pure  (E=1 .3  e.v.)  states  demonstrates  that  such  measurements, 
as  expected,  are  necessary  for  monitoring  the  purity  of 
these  benzimidazoles.  The  value  of  E(1.4  e.v.)  for  pure 
2-i-tolylbenzimidazole  Is  similar  to  that  for  the  pure 
2-p-tolylbenzimidazole.  A  sample  of  2-^-naphthylbenzlmid- 
azole,  on  the  other  hand,  showed  an  E  value  of  0.57  e.v.  aiid 
a  conductivity  about  10  times  that  of  the  2-tolyl  compounds. 
The  conductivity  data,  however,  because  of  the  varying  nature 
of  the  samples  used,  are  only  approximate  and  will  probably 
require  revision  when  the  current  series  of  measurements  on 
a  standardized  sample  form  are  completed.  For  this  reason 
conductivity  values  are  not  Included  In  this  report.  The 
B  values,  however  are  less  sensitive  to  the  nature  of  the 
sample.  Although  measurements  on  single  crystals  are 
preferred  for  the  determination  of  conductivity  and  activation 
energy  of  pure  cooqpounds,  the  technique  Is  Impractical  for 
monitoring  successive  stages  of  purification.  Initial 
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measurements  were  made  on  pressed  microcrystalline  pellets. 
The  final  sample  form  chosen  was  a  thin  crystalline 
layer  prepared  by  melting  the  compound  between  plates  of 
conducting  glass  separated  by  Teflon  spacers  of  4  x  lO'^cm. 
thickness.  The  melt,  when  allowed  to  cool  slowly  forms  a 
multi -crystalline  film,  the  crystals  of  which  appear 
continuous  In  the  very  short  current  path.  This  technique 
conveniently  allows  one  to  vary  the  degree  of  crystallinity 
of  the  sample  In  order  to  determine  whether  the  measured 
conductivity  Is  Independent  of  sample  preparation.  Such  a 
procedure  is  difficult  with  pressed  powders. 

Since  the  measurements  are  currently  being  made  with 
D.C.  apparatus  shown  in  Figure  1,  they  are  sensitive  to  an 
initial  rapid  drop  in  conductivity  due  to  polarization 
effects.  Plots  of  current  versus  time  following  voltage 
application  are  similar  to  those  of  Rlehl  who  reported  the 
initial  drop  to  be  more  rapid,  the  higher  the  conductivity 
and  the  temperature.^^  Current  measvirements  are  being  taken 
at  a  30  second  Interval  after  voltage  application  and  yield 
linear  plots  of  log  conductivity  vs  1/T  over  the  temperature 
range  studied  as  shown  in  Figure  2.  Modifications  are  being 
made  which  will  allow  for  measurements  over  a  much  broader 
temperature  range.  In  addition  the  apparatus  is  being 
adapted  for  the  study  of  pulse  photoconduction. 


LOG  CURRENT  (amps) 


Eig.  1  Conductivity  cell  used  for  electrical  measurements. 

In  the  cell  at  left  is  o  pressed  pellet.  At  the  right 
bottom  is  0  sample  between  conducting  gloss  plates. 


lOOO/T  (‘K) 


Fig.  2  Typicol  curve :  temperoture  dependence  of  electrical  conductivity 
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4.  EXPERIMENTAL 

4.1.  Synthetic  Procedures 

Most  of  the  compoiinds  synthesized  for  this  project  were 
prepared  by  either  the  polyphosphor Ic  acid  method  or  one  of  the 
four  melt  condensation  procedures.  The  remaining  two  were  pre¬ 
pared  by  condensation  of  the  appropriate  aldehydes  with  2- 
methylbenzlmldazole.  Descriptions  of  these  procedures  follow 
a  discussion  of  the  purification  of  starting  materials.  The 
objective  of  these  syntheses  has  been  to  obtain  high  purity 
products  rather  than  high  yields.  The  data  on  the  preparation 
of  the  compounds  is  summarized  In  Table  IV.  Infrared  and  ultra¬ 
violet  spectra  in  all  cases  are  consistent  with  the  assumed 
structures. 

4.1.1.  Preparation  and  Purification  of  Starting  Materials 

The  carboxylic  acii  used  were  all  commercially  available 

and  when  necessary  were  recrystallized  from  metheuiol  before  use. 
Commercial  phenyl  esters  were  recrystallized  from  methanol -water 
as  necessary,  and  those  not  commercially  available  were  prepared 
from  the  acid  chlorides  by  standard  techniques.  Those  acid 
chlorides  not  commercially  available  were  made  by  the  reaction 
of  the  acids  with  thionyl  chloride. 

£-Phenylenediamine  and  3»4-diaminotoluene  are  commercially 
available  from  Distillation  Products  Industries  of  Eastman  Kodak 
Company  and  were  purified  before  use  by  the  procedure  described 
in  Organic  Syntheses.^ ^ 

The  3>3' -diaminobenzidine  tetrahydrochlorlde  was  obtained 
from  two  suppliers,  Aldrich  Chemical  Co.  and  Burdick  and  Jackson 
Laboratories.  Both  materials  were  used  directly  in  the  form  of 
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the  hydrochloride  except  in  the  preparation  of  poly-2,2' -(jj-phenylene 
5,5' -hibenzimidazole  for  which  the  tetrahydrochloride  was  converted 
to  the  free  base  and  purified  by  the  precedure  used  by  Vogel 
and  Marvel.  5 

The  1 ,2-dlamino-3-nltrobenzene  used  in  the  preparation  of 
2-methyl -^--nitrobenzimidazole  and  2-phenyl-4-nltrobenzimldazole 
was  made  by  the  method  reported  by  Rabinowitz  and  Wagner  with 
the  substitution  of  methanol  for  the  ethanol. 

Polyphosphor ic  acid  is  commercially  available  from  the 
Victor  Chemical  Works  and  was  used  as  supplied. 

4.1.2.  PglyphPSPkQytP 

Stoichiometric  quantities  of  o-phenylenediamine  or  a  sub¬ 
stituted  g-phenylenediamine  and  the  carboxylic  acid  were  added 
to  250  ml  of  polyphosphor ic  acid  in  a  500  ml  resin  kettle. 

This  viscous  mixture  was  slowly  heated  with  stirring  and  under 
nitrogen  to  230°C  (t  30°).  The  resulting  solution  was  stirred 
at  230°C  (t  30°)  for  three  to  four  hours,  permitting  it  to  cool 
to  about  100°C  and  poiared  in  a  thin  stream  into  a  rapidly  stirred 
mixture  of  1.5  liters  of  ice  and  water.  The  insoluble  flocculent 
residue  was  collected  by  filtration,  washed  with  a  small  amount 
of  water  and  slurried  with  enough  aqueous  sodium  hydroxide  to 
give  a  pH  of  9  to  10.  After  standing  for  a  few  minutes  the 
alkaline  slurry  was  filtered  and  the  precipitate  washed  once  with 
water.  The  product  was  then  extracted  from  the  precipitate  with 
successive  portions  of  hot  methanol.  After  treatment  of  the 
ccxnbined  alcoholic  extracts  totaling  300  to  1000  ml  with  a  small 
amount  of  activated  charcoal,  hot  water  was  added  to  the  boiling 
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flltrat«  until  crystallization  was  Imminent.  The  product 
crystallized  from  the  solution  upon  cooling  and  was  collected 
by  filtration. 

4.1.3.  Melt  Condensation  Methods 

4. 1.3.1.  Phenyl  Ester  Reactions 

Stoichiometric  quantities  of  o-phenylenediamlnes  and  phenyl 
esters  of  carboxylic  acids  were  normally  used.  After  thoroughly 
mixing  the  two  powders  in  the  dry  state  a  few  drops  of  con¬ 
centrated  hydrochloric  acid  were  added  and  the  resulting  mixttire 
was  heated  xmder  nitrogen  to  250°to  290°C  over  a  period  of  one 
hour  and  held  at  that  temperature  for  one  or  two  hours  longer. 

The  water  and  phenol  evolved  diiring  the  course  of  the  reaction 
were  condensed  and  collected.  The  reaction  is  terminated  when 
most  of  the  anticipated  amomt  of  phenol  has  been  driven  off. 

The  remaining  phenol  can  be  removed  by  evacuation  of  the  flask 
if  desireable. 

The  product  was  Isolated  by  leaching  out  the  impurities  with 
6  to  8  small  portions  of  methanol  or  methanol-ether  (for  the  lower 
molecular  weight  products)  or  until  a  fairly  light  colored 
crystalline  product  was  obtained. 

In  the  case  of  l,4-bis-(benzimidazolyl)benzene,  the  product 
was  Instead  dissolved  away  from  the  Impurities  with  6  N  aqueous 
sodium  hydroxide  and  precipitated  by  the  addition  of  concentrated 
hydrochloric  acid. 

4. 1.3. 2.  Direct  Aromatic  Acid  Synthesis 

In  this  procedure  stoichiometric  quantities  of  2-phenylene- 
diamines  and  the  aromatic  carboxylic  acid  were  employed.  In 
addition,  a  catalytic  amount  of  hydrochloric  acid  was  used  and  an 
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equlmolar  quantity  of  phenol  or  B-cresol  -  -  with  respect  to 
the  aromatic  acid  -  was  added  as  a  solvent.  The  reactions  were 
run  and  the  products  isolated  in  the  same  fashion  as  in  the 
phenyl  ester  synthesis  described  above. 

4. 1.3. 3.  Direct  Acid  Synthesis 

In  this  procedure  fl-phenylenediamines  were  reacted  with  an 
excess  of  liquid  aliphatic  acid  and/or  acid  anjiydride.  The 
reaction  was  generally  carried  out  at  the  reflux  temperature 
of  the  acid  or  at  100°C  for  periods  of  from  4  to  8  hours. 

The  mixture  was  then  poured  into  cold  aqueous  sodium  hydroxide, 
decolorized  and  neutralized  with  hydrochloric  acid.  The  pre¬ 
cipitate  formed  was  collected,  dried  and  recrystallized  when 
^;jecessary.  When  4-nitro-B-phenylenediamine  was  used  in  this 
procediJTe  it  was  necessary  to  employ  a  2:1  acetic  acid:  acetic 
anhydride  mixture  in  orda*  to  obtain  satisfactory  yields.  Reaction 
of  this  amine  with  pure  benzoic  anhydride  gave  the  corresponding 
2-phenyl  compound. 

4. 1.3. 4.  Methyl  Ester  Reactions 

Stoichiometric  quantities  of  ^-phenylenediamines  were  mixed 
with  the  methyl  ester  of  an  aromatic  carboxylic  acid.  In  addition 
to  the  catalytic  amount  of  hydrochloric  adid,  an  equimolar 
quantity  of  phenol  (with  respect  to  the  aromatic  acid)  was 
added  as  a  solvent.  The  reactions  were  run  and  the  products 
Isolated  in  the  same  fashion  as  the  product  from  the  phenyl  ester 
synthesis  described  above. 

4.1.4.  Aromatic  Aldehyde  Condensation 

I.  In  this  first  method,  50  milli-equivalents  of  an  aromatic 
aldehyde  and  6.6  gm  of  2-methylbenzimidazole  are  dissolved  in 
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100  ml  of  trlethyl  phosphate.  Direct  use  of  commercial  materials 
often  yields  a  brown  solution  at  this  point;  this  should  be 
decolorized  with  charcoal  to  a  pale  yellow.  This  solution  is 
heated  to  reflux  (216°C)  for  about  two  hours,  cooled,  and  poured 
into  700  ml  cold  water.  The  resultant  solution  is  made  slightly 
acid  with  aqueous  hydrochloric  acid,  and  the  precipitate  filtered, 
washed,  and  recry stallized  from  a  suitable  solvent. 

II.  In  the  second  method  the  above  quantities  of  reactants  are 
dissolved  in  100  ml  of  an  equi-volume  mixture  of  acetic  acid 
and  acetic  anhydride.  This  solution  is  refluxed,  with  gradual 
removal  of  solvent,  over  a  period  of  three  hours  to  a  volume  of 
about  40  ml.  The  solution  is  allowed  to  cool  somewhat  and 
enough  water  is  added  to  destroy  residual  acetic  anhydride. 

This  solution  is  diluted  with  water  to  about  500  ml  and  made 
neutral  with  aqueous  ammonia.  The  precipitate  is  collected 
and  recrystallized  as  above. 

The  bright  yellow  Afi  -bis-( 2-benzimldazolyl) -1 ,4-divinyl- 
benzene  can  be  made  from  terephthalaldehyde  by  either  of  the 
above  procedures,  the  first  going  in  higher  yield  and  the  second 
leading  to  the  better  product.  Only  the  second  was  successful 
in  the  prepaation  of  2-styrylbenzlmidazole  from  benzaldehyde; 
here  an  excess  of  ammonia  must  be  used  to  react  with  residual 
benzaldehyde,  and  care  must  be  exercised  in  the  isolation  of 
the  very  soluble  product.  Some  2-methylbenzimidazole  remains 
in  the  product  and  must  be  removed  by  sublimation. 

4.2.  Purification  of  Compounds 


4.2.1.  Sublimation  at  Moderate  Temperatures 

For  sublimation  at  moderate  temperatures  a  large  subllmator 
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of  essentially  standard  design  was  constructed  (3.5  Inch  cylin¬ 
drical  chamber  with  a  2  Inch  air  or  water  cooled  probe).  This 

« 

has  proven  satisfactory  for  benzimidazoles  melting  below  300^0. 

In  general ,  the  subllmator  was  loaded  with  about  2 . 5  g •  of 
preliminarily  purified  benzimidazole.  In  the  vacuinn  sublima¬ 
tion,  It  has  been  fo\ind  that  a  suitable  rate  of  sublimation  can 
be  obtained  at  20^-30°  below  the  melting  point  of  most  benzim¬ 
idazoles.  This  method  is  vinsultable  for  compounds  containing 
impurities  which  sublime  or  boll  at  a  lower  temperature  than  the 
benzimidazole  and  condense  along  with  the  benzimidazole  on  the 
probe  (the  case  for  most  of  the  higher  molecular  weight 
materials) . 

Usually  In  the  course  of  second  and  third  sublimations  no 
further  colored  decomposition  products  appeared  In  the  bottom  of 
the  subllmator  and  very  little  residue  remained.  The  sublima¬ 
tions  were  carried  to  completion.  Three  such  sublimations  nor¬ 
mally  constitute  the  final  level  of  pxirification  for  these 
compounds . 

4.2.2.  Sublimations  at  Higher  Temperatures 

For  those  materials  containing  impurities  which  sublime  or 
boll  at  lower  temperat\ires  than  the  benzimidazole  and  for  those 
benzimidazoles  of  exceptionally  high  melting  or  sublimation  point, 
sublimation  was  conducted  In  a  long,  continuously  evacuated  pyrex 
tube.  The  lower  3*5-4  Inches  of  the  tube  was  Immersed  in  a  sand 
bath,  heated  from  the  bottom,  which  provided  a  temperature  gra¬ 
dient  In  the  bath  of  about  200^C  for  the  normal  sublimation 
teiQ>erature  of  400-450®C  at  the  lower  end  of  the  tube. 


-35- 


Samples  of  1  gram  or  less  were  placed  In  lipless  pyrex 
test  tubes  of  about  3  inches  length  which  fitted  quite  closely 
in  the  long  tube.  Under  these  conditions  the  more  volatile 
impurities  normally  sublime  out  of  the  inner  tube  and  the 
removal  of  the  sublimed  sample  is  also  fflcllltated.  Repeated 
sublimations  were  usually  accompanied  by  little  or  no  residue 
or  colored  decomposition  products.  Three  such  sublimations 
normally  constitute  a  purified  product. 

4.2.3.  Adsorption  Chromatography 

Into  100  ml  of  refluxing  ethyl  acetate  one  gram  of  impure 
l,3-bis-(2-benzlmidazolyl)benzen6  was  Introduced,  Solution 
was  facilitated  by  the  addition  of  acetone  which  was  boiled  off 
after  the  addition  of  100  ml  of  benzene.  Enough  benzene  was 
added  to  bring  the  voliome  of  the  solution  up  to  3OO  -  350  ml. 

The  hot  solution  was  put  on  60  g  of  silica  gel  (Grade  923,  100  - 
200  mesh,  Davison  Chemical  Company).  The  charge  was  washed  onto 
the  colimnwlth  200  ml  of  2%  ethyl  acetate  in  benzene.  The  position 
of  the  benzimidazole  on  the  column  was  followed  under  fluorescent 
light,  and  when  the  violet  fluorescent  band  had  moved  away  from 
the  top  of  the  column  leaving  a  small  yellow  non-fluorescent  band 
at  the  top,  it  was  eluted  with  505^  ethyl  acetate;  benzene.  Fractions 
of  about  33  ml  were  taken  and  dried  at  80  -  100°C  in  a  stream  of 
nitrogen  and  weighed.  Of  the  36  fractions  taken,  numbers  4  to  21 
of  the  yellowish  crystals  were  combined,  recrystallized  frcan 

methanol  and  air>dried  to  yield  440  mg.  fine  white  crystals. 

The  pvirity  of  this  material  is  greater  than  that  of  the  starting 

material,  but  it  is  doubtful  whether  it  is  as  good  as  the  sublimed 


material. 
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